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Abstract 
Considering the increasing role of microturbines in distributed generation of combined heat and power (CHP), the 
localization of microturbine design and manufacturing technology has received great importance in Iran. Providing a 
complete and comprehensive algorithm can be a major step in reaching the goal. In this paper, we present the cycle 
for the thermofluids design of a 100 KW microturbine which is carried out at the Niroo Research Institute of Iran to 
simultaneously generate both electricity and useful heat. The characteristics of this system are as follows: revolution 
speed of 47750 rpm, single shaft, natural gas as fuel, single stage radial turbine/compressor and annular combustion 
chamber. Based on the thermodynamic characteristics of the cycle, the characteristics of different components of 
microturbine are determined throughout the study. According to the determined values, we expect the cycle to 
achieve an efficiency of approximately 13% without the recuperator and 25% with the recuperator. It must be noted 
that the designed microturbine is going through the final assembly stages at the time and the performance test has not 
been conducted yet. Therefore, the over-all characteristics curve of the system was not available at the time of 
preparing this article.   
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1. Introduction 
Micro and mini gas turbines (MGTs) are an emerging class of global power generation technology. 
They play an important role in evolving power generation both for standalone (island) and grid 
interconnections. A micro gas turbine consists of a generator, compressor, combustion chamber, turbine 
and a frequency converter which function together in order to generate power for small scale utilization. 
They also have good fuel flexibility. The small turbines enable small energy users to generate their own 
electricity to secure power supply even at peak load periods and also at power shortage. In many 
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geographical places, the MGT could be employed to produce power at a competitive cost. MGTs with 
thermal efficiency of about 30% are well suited to meet energy needs of small users such as schools, 
apartment buildings, restaurants, offices and small business centers [1]. Micro and mini gas turbines are 
designed and developed in the power range of 5kW- 500kW in many developed countries for distributed 
power generation [1]. Very small and simple cycle gas turbines demonstrated to date, have reached 
modest efficiencies. Figure (1) shows the general schematic of microturbine cycle [3] and Figure (2) 
depicts the component layout of the designed 100 KW-microturbine [2]. Once gone through filter, the air 
enters the compressor and after that the compressed air goes through recuperator. In recuperator, turbine 
exhaust gas causes increase in air temperature. After being heated, the air passes into combustion 
chamber, mixes with the fuel and burns. The combusted air/fuel mixture expands through the turbine and 
the rotation of the turbine drives the shaft which powers both the compressor and generator. The exhaust 
from the turbine is fed back through the recuperator to preheat the compressed air. This cycle repeats and 
causes the generator to rotate and generate power [2].  
 
 
 
 
 
 
 
 
 
 
The first step in the design of a microturbine is to determine the main parameters of its cycle. In other 
words, the aforementioned parameters constitute the framework and basis of the later designs. In order to 
obtain the values of these parameters, we first determined and characterized the general behavior of the 
cycle. Then, a computer program in FORTRAN language was developed and inputs and outputs of the 
program were verified and evaluated on the available data from cycles of commercial microturbines [3]. 
The inputs of the program were provided with respect to the limitations on availability of the required 
materials and components in domestic market, and also procurable materials and components in foreign 
market. The outputs were obtained under these circumstances. For instance, the higher microturbine inlet 
temperature gets, the higher cycle efficiency is achieved; but in practice, the maximum microturbine inlet 
temperature is bound to 1100 degrees Kelvin (Inconel 738 Lc alloy). We have also tried to keep 
efficiencies of turbine, compressor, recuperator and generator as close as possible to those of the non-
commercial prototype. In order to determine the location of different components of the microturbine and 
arrange them, a considerable amount of study was undertaken to examine all possible ways and methods. 
We also sought advice from various consultants. There are several possible ways and we made our choice 
based on the available facilities and existing conditions. We tried to choose a less complicated design 
while sticking to the design principles.  
2. The evaluation of the designed cycle 
Based on the obtained results from the analysis program of the cycle, the 100 KW-microturbine cycle 
design and the comparison of its characteristics to those of the commercial prototypes can be presented. 
Table (1) shows the required thermodynamic characteristics for the design of the combustion chamber of 
Fig. 1. General schematic of microturbine cycle [3]                                               Fig. 2. General layout of a 100 KW microturbine [2] 
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the 100 KW-microturbine cycle. Characteristics curves of the cycle are first drawn and analyzed with 
respect to the outputs of the computer program. Then, we study and select the desired outputs of the 
program while using "100 ± 0.5 KW" as criterion where "0.5" is the tolerance of the output power.  Next, 
results of interest from the computer program are compared to those of the commercial prototypes (see 
Table (2)). We tend to examine the effects of changes in pressure ratio of compressor and microturbine 
inlet temperature on some of the cycle characteristics such as thermal efficiency, net output power and 
fuel to air ratio. The values of other input parameters are constant and shown in Table (3).   
 
 
 
 
 
 
 
 
In Table (3), T1 and Tfuel are air inlet temperature and fuel inlet temperature, respectively. "Y"s are 
corresponding mole fractions of each compound. ηpc, ηpt and ηcc are polytropic efficiencies of  compressor, 
turbine and combustion chamber, respectively. "dp"s are pressure drops in different components. Now 
that all necessary information has been provided, we investigate the effect of change in each mentioned 
factor. Here, we look into the effects of changes in pressure ratio of compressor. Turbine inlet 
temperature and air mass flow rate are assumed to be constant. Air inlet mass flow rate and turbine inlet 
temperature are equal to 0.8 kg/s and 1200 degrees Kelvin, respectively. The values of other parameters 
are as shown in Table (3) [3]. 
 
 
As it is depicted in Figure (3), net output power grows exponentially as the pressure ratio increases. 
Indeed, the increase in pressure ratio causes decrease in turbine outlet temperature and increase in 
compressor outlet temperature. Since the amount of temperature change in turbine is greater, turbine 
output power increases more than it is needed for compressor. Consequently, the change in net output 
power is an increasing function with respect to pressure ratio of compressor. Figure (4) shows the "cycle 
thermal efficiency-pressure ratio of compressor" graph. It can be seen that, when pressure ratio increases 
from 3.5 to 3.6, the value of thermal efficiency increases slightly and reaches its maximum at 3.6 and then 
decreases exponentially as pressure ratio continues to increase. As we mentioned before, the increase in 
pressure ratio yields larger amount of decrease in turbine outlet temperature compared to the increase in 
compressor outlet temperature. Therefore, combustion chamber inlet air temperature decreases and more 
fuel needs to be burned due to the constant value of the combustion chamber outlet temperature. As a 
matter of fact, fuel-to-air mass ratio increases as pressure ratio of compressor rises. This is shown in 
Figure (5). Thus, the air is heated more in the combustion chamber. The increase in heat is more effective 
LHV(kJ/kg) Wnet(kW) rc cη tη recη ccη  dpcomb dprec(air) dprec(gas) dpinlet
47182 30 3.6 0.796 0.84 0.9 0.99 0.04 0.02 0.05 0.02
47182 60 4.8 0.826 0.85 0.9 0.99 0.04 0.02 0.05 0.02
47182 80 3.6 0.835 0.86 0.9 0.99 0.04 0.02 0.05 0.02
47182 100 4 0.841 0.868 0.9 0.99 0.04 0.02 0.05 0.02
T1 Tfuel YN2 YO2 YAR YH2O YCO2 YCH4 YC2H6 YC3H8 YC4H10 ηpc ηpt ηrec ηcc
dPin-
comp
dPin-
turb 
dPrec(air) dPrec(gas) dPcc 
288 288 0.779 0.2095 0.2095 0.0094 0.0003 0.92 0 0.03 0.05 0.8 0.78 0.9 0.99 0.01 0.01 0.02 0.05 0.04 
Table 1. Thermodynamic characteristics of combustion 
chamber [3] Table 2. Inputs for cycle analysis program based on the information available on 
catalogues and articles [3] 
Table 3. Values of input parameters of cycle analysis program [3] 
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than the increase in output power when pressure ratio is greater than 3.6. In this case, the efficiency 
diminishes [3]. 
 
 
 
 
 
 
 
 
 
  
 
3. The design and analysis of microturbine components  
Based on the algorithm developed for the cycle design, we present the 3D design and analysis of main 
cycle components which are compressor, combustion chamber and turbine. The 3D model and assembly 
drawing of the designed microturbine are shown in Figure (6) [10]. We have also performed fluids 
analysis on compressor and turbine volutes; but, the obtained results will not be presented due to the 
limited volume of this article.    
 
 
 
 
 
 
3.1. Compressor design and analysis 
The general view of computational mesh for the analyzed compressor is shown in Figure (7). The 
generated mesh is unstructured [6]. We have considered only one blade of impeller in order to model it. 
The over-all analysis of the impeller was performed under the assumption of uniform flow and periodic 
boundary conditions were in effect. The impeller consists of 7 main blades and 7 splitter blades. As it can 
be seen in Figure (7), the distance between compressor inlet and outlet (compressor height) is 90.5 cm. 
Fig. 3. “Output power (cycle)-pressure ratio (compressor)” graph [3]    
Fig. 4. “Thermal efficiency (cycle)-pressure ratio” graph [3]           Fig. 5. “Fuel-to-air mass ratio-pressure ratio (compressor)” graph [3]
Fig. 6. The 3D model and assembly drawing of the designed microturbine [10] 
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Computational mesh of impeller and the boundary conditions for the flow analysis are shown in Figure 
(8). Table (4) shows impeller inlet boundary condition. The whole impeller can be modeled using one 
blade and periodic boundary conditions. The area between the blades is considered to be a moving 
reference frame with angular velocity of 5000 radian per second. Boundary conditions were obtained 
from thermodynamics analysis of microturbine cycle [3]. The results were obtained using a mesh with 
17473 nodes [7]. 
The main function of the designed compressor is to raise the air pressure from 1 bar to approximately 4 
bar. This trend of pressure increase matches the used boundary conditions very well. Thus, the proper 
behavior of the flow over the blade can be acknowledged. The contour plotted in Figure (9) demonstrates 
the static pressure on the shroud and hub (root) sides. It can be seen that the static pressure increases from 
approximately 1 atm (inlet) to 2.9 atm (outlet). 
 
 
 
 
 
 
 
 
 
  
 
 
 
Figure (10) shows the contours of total temperature on shroud and hub surface of a blade. The total 
temperature at inlet is 288 degrees Kelvin and reaches 475 degrees Kelvin at outlet. This exactly matches 
with values of thermodynamic parameters of microturbine cycle. Computational analysis was performed 
using Fluent software[6]. Obtained results show that the designed compressor meets the cycle 
characteristics regarding thermodynamic values of inlet and outlet air. Moreover, compressor flow is not 
confronted with aerodynamic complications such as reaching sound speed; and, follows the right trend. 
Consequently, the design is acceptable from fluids perspective.  
Inlet Air mass flow(kg/s) 1.45 
Inlet Air Total Temperature(k) 288 
Inlet Air Total  pressure(bar) 1 
Outlet Air  Static Pressure(bar) 2.6 
Outlet Air Total  Pressure(bar) 4.56 
Outlet Air  Total Temperature(k) 475 
Fig.10. The total temperature: (a) Shroud; (b) Hub [7]  
Fig.8. Periodic boundary conditions for a blade [7]
Table 4. Impeller Inlet Boundary Condition [7] 
Fig. 9. Static pressure: (a) Shroud; (b) Hub [7] 
(a) (b) 
Fig. 7. (a) 3D model of compressor; (b) The analyzed sector [7]
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3.2. Combustion chamber design and analysis 
Combustion chamber is the energy source of the system and provides the necessary energy for driving 
the turbine and power generation by burning fuel and raising cycle temperature [4]. We simulated the 
microturbine combustion chamber. In order to solve velocity and pressure equations, we utilized the 
method introduced in [6]. The upwind method was applied for the data transfer with double precision. It 
is assumed that there is enough oxygen for combustion. We used k ε−  model for turbulence modeling 
and employed SIMPLE algorithm (modified version of SIMPLEC algorithm) to couple velocity and 
pressure equations [6]. In order to obtain the behavior of combustion chamber (for which, a 98908-node 
mesh was set up), we used a numerical method. As it can be seen in Figure (11), the total pressure at inlet 
and outlet is 3.89 atm and 3.73 atm, respectively. The corresponding trend can be seen in Figure (11) too. 
 
 
 
 
 
 
 
 
 
 
Thermal variation of combustion chamber is shown in Figure (12). The maximum flame temperature is 
approximately 1960 degrees Kelvin. Flame front is the location of maximum flame temperature. There 
are four holes on the liner; so, an air barrier is formed on the liner and the temperature increase is 
prevented to a large extent. The output of Fluent software is 1143 degrees Kelvin for the outlet 
temperature which is 3.9 percent more than the design value [3].  
3.3. Turbine design and analysis 
We considered the radial flow turbine to be a part of microturbine cycle. The turbine experiences high 
speed and high loading because of cycle characteristics and the fact that it operates at only one 
performance point. Thus, we design a single-entry chamber with vane nozzle to achieve maximum 
efficiency. Radial design of rotor blades is preferable due to mechanical issues. In our design, the 
revolution speed is 47750 revolutions per minute (approximately 5000 radian per second). In order to 
obtain proper values of revolution speed, curves and relations pertaining to specific speed and specific 
diameter can be used. Rotor of radial flow turbine was designed and modeled through trial and error 
process using empirical equations and appropriate mechanical and aerodynamic constraints. It was also 
evaluated at each iteration of solution process by Ansys CFX software [5]. In order to carry out CFD 
analysis for rotor modeling, only one rotor blade was considered. The whole rotor was analyzed under the 
uniform flow assumption and periodic boundary conditions. The whole rotor consists of 12 blades. A 
hexagonal mesh was considered for the rotor. The region between the blades (from "moving" perspective) 
is a moving reference frame with an angular velocity of 47750 rpm. The Ansys CFX software was used to 
analyze rotor flow. The analysis was performed under steady flow conditions [5]. Air mass flow was set 
as a proper inlet boundary condition. The inlet boundary condition consists of air mass flow, static 
temperature, flow direction and turbulence intensity of 5 % [9]. Transition from laminar flow to 
Fig.11. Obtained pressure from numerical analysis [8]                 Fig. 12. The contour for Thermal variation of combustion [8] 
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developed flow leads to turbulence intensity variation from 1% to 10%. Turbulence was modeled using 
k ε−  model. Static pressure and back flow characteristics must be defined for the passage outlet. We 
also employed adiabatic design for the turbine modeling. Under these circumstances, inlet and outlet 
boundary conditions for the rotor were set as shown in Table (5) and Table (6) [9]. 
 
Flow regime Subsonic 
Mass Flow Rate(kg/s) 0.12233 
Axial Flow Component 0 
Radial Flow Component 0.342 
Tangential Flow Component 0.93969 
Average Turbulence Intensity 5% 
Total Temperature Stationary 
Frame(k)  1100 
In order to perform CFD analysis, we used a 449808-node mesh. Based on designed computations, 
total enthalpy variations of the rotor and turbine power are 225000 j/kg and approximately 360.9 kw, 
respectively. The power value obtained from CFD analysis (366.310 KW) is approximately equal to the 
designed power value (385 KW). Inlet flow characteristics are leading edge, trailing edge and outlet of 
turbine rotor. Values of pressure, total temperature, static temperature, speed and the corresponding 
vector components, flow direction and absolute Mach number which were obtained from CFD analysis 
are close approximations to designed values. So, analytical characteristics of turbine rotor show very 
small deviation as compared to design characteristics. These two types of characteristics verify each other. 
The critical relative Mach number is located at Turbine outlet and the critical absolute Mach number is 
located at Turbine inlet. Figure (13) illustrates the relative Mach contours at the 20 and 80 percent of 
turbine inlet, respectively and no shock has occurred. The maximum relative Mach number that occurs in 
turbine is 0.9. Figure (14) depicts the diagram for the total and static pressures along the flow direction 
which has met the design criteria very well [9].   
 
 
 
 
 
 
 
4. Conclusion 
In this work, we presented the general design of a 100 KW microturbine considering operating 
conditions and manufacturing potential in Iran. After being modeled, different components of the 
microturbine were simulated by Fluent software to accomplish verification process. Obtained results 
demonstrate that thermodynamic characteristics of different components meet the criteria established for 
the microturbine design. Since the designed microturbine is going through the final assembly stages at the 
time of preparing this article, it has not gone through test and operation stages yet. Based on the design 
values, we expect cycle to reach efficiency of 13% without the recuperator and 25% with the recuperator. 
We expect microturbine efficiency to reach 72% once CHP system has been designed and installed.  
 
Flow regime Subsonic 
Static Pressure(bar) 1.3579 
          Fig13. Mach contour in two sections of inlet [9]     Fig.14 Total and static pressures along the direction of turbine flow [9] 
Table 5. Rotor Inlet Boundary Condition [9]                              Table 6. Rotor Oulet Boundary [9] 
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